Introduction
Non-immune hydrops fetalis (NIHF), caused by disorders other than feto-maternal blood group incompatibility, is the predominant form of hydrops fetalis in developed countries [1] . Though hydrops fetalis can be readily diagnosed antenatally using ultrasound, NIHF is still associated with an extremely high perinatal mortality [8] . Although many fetopathies associated with NIHF have been reported, the etiology and the underlying disorders cannot be determined in approximately 30 percent [14] . In these cases of idiopathic hydrops fetalis (IHF), a characteristic and common finding is hypoproteinemia [11] . The decreased serum protein concentration may play an important role in establishing the clinical picture of hydrops fetalis.
Based on the hypothesis that decreased plasma colloid osmotic pressure due to hypoproteinemia may play a role in the onset and/or progress of IHF, we injected albumin into the fetal abdominal cavity and thus attempted to save the lives of fetuses with IHF.
Materials and methods
Thirty-three infants with NIHF, diagnosed antenatally, were delivered in the Maternity Care Unit of Kyushu University Hospital from January 1983 to December 1986. There were eleven with IHF (table I) . Seven of these eleven were treated in utero. The other four were excluded from the present study. In one case because delivery and neonatal treatment were decided upon because the gestational age (36 weeks) was thought to be sufficiently advanced. In three others, the parents refused intrauterine treatment. All four died soon after birth despite active resuscitation and respiratory care in the NICU.
The protocol for the intrauterine treatment of NIHF consisted of the following: attempts to evaluate the etiology and the underlying disorder; the intrauterine treatment; and the evaluation of therapeutic effects in utero. Intrauterine treatment was performed after obtaining informed consent from the families.
To assess the etiology and the underlying disorders, the following tests were done on the mother: complete blood count, blood group, blood-group antibody, Hb F concentration, TORCH screening tests and oral glucose tolerance test. In the fetus, detailed ultrasound examination of the fetal anatomy, fetal echocardiography, optical density difference at 450 nm in amniotic fluid, and karyotype of amniotic fluid fibroblasts were done. When the etiology and the underlying disorder could not be determined, hydrops fetalis was diagnosed antenatally as IHR Intrauterine treatment comprised the following: Firstly, in order to maintain and increase serum protein concentration, albumin and/or packed red blood cells (PRC) were injected into the fetal abdominal cavity using ultrasound visualization. The amount of albumin injected was two to four grams added to the total amount of protein contained in the ascitic fluid removed from the fetus. The amount of PRC injected was determined according to BOWMAN'S method [3] . Serial paracenteses and thoracocenteses were performed to decompress the thoracic cavities.
To evaluate the therapeutic effects in utero, changes in the degree of edema, ascites and pleural effusion were determined, using real-time ultrasound at least once a week, and the hourly fetal urine production rate (HFUPR) was measured both immediately before and 24 hours after the intrauterine treatment was performed, using the method of CAMPBELL et al. [4] . In brief, HFUPR was calculated after the fetal bladder volume was observed every five minutes for a three hours period, using real-time ultrasound. When HFUPR increased to 150 percent or more within 24 hours after the intrauterine treatment, there was judged to be an "increase of HFUPR". Fetal cardiac function was evaluated by fetal echocardiography once a week.
Fetal well-being was monitored by using cardiotocography at least once a day. Fetal lung maturation was estimated by means of the lecithin/ sphingomyelin (L/S) ratio in the amniotic fluid.
When edema and fluid accumulation in serous cavities increased despite intrauterine treatment, and/or when fetal distress was evident on the cardiotocogram, the pregnancy was terminated in order to give immediate treatment to the neonate.
Results
At the time of initial diagnosis, the gestational age ranged from 26 to 32 weeks. All fetuses had edema (skin thickness over 5 mm [7] ). Two had pleural effusion alone, three had only ascites, and two had both pleural effusion and ascites (table II) .
Injection of albumin and/or PRC into the fetal abdominal cavity was performed twice in six cases and four times in one, at intervals of 10 to 14 days. Abdominal paracenteses were performed twice in two, three times in one and four times in two. Thoracocenteses were performed once in two cases and three times in one.
With respect to evaluation of the effects of therapy, the HFUPR was measured before and after the intrauterine treatment in five. In three of these five, the HFUPR increased. In no case did the HFUPR decrease. In two in whom the HFUPR did not increase, one had a negative balance of protein, and in the other, the serum protein concentration increased from 2.0 g/dl immediately before the second injection to 2.9 g/dl at delivery. This infant was delivered six days after the second injection. In two with no pleural effusion, the HFUPR increased, but it increased in only one of three with pleural effusion (table II) .
In one (case 6), signs of hydrops fetalis disappeared completely in utero, and edema decreased significantly in case 7. In the other five, signs of hydrops fetalis remained unchanged in utero.
The cardiotocogram revealed no ominous signs in six. In one (case 2), the cardiotocogram revealed late decelerations during labor.
There were no stillbirths. Gestational age at birth ranged from 33 to 40 weeks. The interval between the initial diagnosis and the delivery ranged from 3 to 14 weeks. Apgar scores at one minute were 3 or less in three, 4 to 6 in two, and 7 or over in two. The umbilical artery pH was less than 7.15 in two, 7.15 to 7.19 in one and 7.20 or over in three. In one with an Apgar score of 9 at one minute, the umbilical artery pH was not measured (table III) .
The laboratory data derived from the cord blood is shown in table IV. One had anemia; the values of serum protein were less than 3.0 g/dl in two, 3.0 to 4.0 g/dl in one, and 4.0 g/dl or over in four.
Four with pleural effusion died of respiratory failure within 24 hours after delivery. The weight of the lungs was significantly low. Two of three without pleural effusion survived. One without pleural effusion died of sepsis on the fifth day (table IV) . In all cases, the etiology and the underlying disorders were not detected in examinations done throughout the neonatal period and at autopsy. 
Discussion
A standard protocol for the management of NIHF has not been established, though hydrops fetalis due to tachyarrhythmia has been successfully treated during the perinatal period [10] .
It remains controversial whether intrauterine treatment is sufficiently effective to save the life of the infant with NIHF. ETCHES and LEMONS [6] suggested that early diagnosis and delivery early in the third trimester of pregnancy, plus aggressive neonatal treatment, may improve the survival rate of those with NIHF. WATSON and CAMPBELL [14] reported that early diagnosis and antenatal treatment did not improve the outcome in NIHF, except for those due to cardiac arrythmia. However, they treated NIHF due to disorders other than cardiac arrythmia with abdominal paracenteses and thoracocenteses alone. We [12] reported that two fetuses with NIHF due to disorders other than tachyarrythmia were effectively treated in utero.
It has been reported that decreased plasma colloid osmotic pressure due to hypoproteinemia may play an important role in the onset and/or the progression of NIHF [2, 11] , though the etiology of NIHF is heterogenous. The objective of intrauterine treatment is to curtail the pathophysiologic process and to preserve the fetus in good or fair condition until the optimal time to treat the IHF, postnatally is reached. For this purpose, albumin and/or PRC were injected into the fetal abdomen to maintain the fetal plasma colloid osmotic pressure. In the present study, evidence for progression of the hydropic changes was not seen and indeed signs of hydrops fetalis disappeared in utero in one, and skin thickness decreased in another. In three of the five cases in whom the HFUPR was measured, it increased within 24 hours after albumin injections. This result suggests that renal blood flow increased after the albumin injection, because changes in the HFUPR may reflect a change of renal blood flow [9] . In addition, the concentration of serum protein increased from 2.0 to 2.9 g/dl, six days after albumin injection in one, in whom fetal blood sampling was done. The increase of serum protein following albumin injection into the fetal abdomen may lead to an increase in plasma volume due to a shift of extracellular fluid from the extravascular to the intravascular compartment. Thus, albumin injection into the fetal abdominal cavity fulfilled the intention of maintaining fetal plasma colloid osmotic pressure. However, evidence that in two of the three with pleural effusion the HFUPR did not increase suggests that pleural effusion may inhibit the return of circulating blood into the heart due to an elevated intrathoracic pressure.
There is a significant difference between the outcome of IHF with pleural effusion and IHF without pleural effusion. SHIMOKAWA et al. [13] and CASTILLO et al. [5] reported that severe pleural effusion correlated with poor perinatal outcome because of it's association with hypoplastic lungs.
Four of the babies with pleural effusion died of respiratory failure during the neonatal period, regardless of the intrauterine treatment they received and aggressive respiratory care given after birth. In addition, their lungs were significantly light in weight. In the present study, the cause and effect between the pleural effusion and hypoplastic lungs could not be determined because pleural effusion re-accumulated within 24 hours after thoracocenteses. WEINER et al. [15] reported that NIHF was treated successfully in utero, using continuous drainage of pleural effusion. Therefore, it may be advantageous to place an indwelling catheter into the thoracic cavity in cases of NIHF who have pleural effusions.
In conclusion, albumin injection into the fetal abdominal cavity is an effective procedure in order to save the life of a fetus with IHF but without pleural effusion. Although, in a case of IHF with pleural effusion, the procedure is effective in maintaining the fetal plasma colloid osmotic pressure, other therapy will have to be developed in order to enhance growth of the lungs.
Summary
Seven fetuses with idiopathic hydrops fetalis (IHF) were treated in utero by injecting albumin into the fetal abdominal cavity and by removal of accumulated fluid from the serous cavities.
Signs of hydrops fetalis disappeared in utero in one, and skin edema significantly decreased in another. In the other five, signs of hydrops fetalis remained unchanged in utero. The hourly fetal urine production rate (HFUPR) increased after albumin injection in three of five. The interval between the initial diagnosis and delivery ranged from 3 to 14 weeks. Gestational age at the time of delivery ranged from 33 to 40 weeks. There were no stillbirths. Two of three without pleural effusion survived, but four with pleural effusion died of respiratory failure during the neonatal period due to pulmonary hypoplasia. These results indicate that albumin injection into the fetal abdomen in utero deserves further attention and that other therapeutic methods should be established to enhance the development of the lungs in cases of intrauterine treatment of IHF with pleural effusion.
Keywords: Fetotherapy, idiopathic hydrops fetalis, ultrasound. 
Zusammenfassung Intrauterine Behandlung des idiopathischen Hydrops fetalis

